A novel gene, Xerl (Xenopus EGF-like repeat with laminin-G domain protein) was isolated from a Xenopus head cDNA library prepared from tailbud. This gene encoded 779 amino acids including a potential signal sequence, twelve EGF-like repeats, a laminin-G domain, a RGD sequence and a VWF motif. In the EGF-like repeat and the laminin-G domain, Xerl showed similarity to those of Drosophila Crumbs, respectively. Zygotic expression of Xerl began at late gastrula, and increased through neurula up to the tailbud stage. In adult organs, Xerl was detected in brain and eye. Whole-mount in situ hybridization showed that Xerl expression occurred ®rst in the anterior bilateral region of neurula and gradually localized to retina and forebrain and boundaries of midbrain and hindbrain. q
Results

Xerl encodes a putative secretory protein containing EGF-like repeats
The peptide motif of the EGF-like repeat (ELR) is involved in protein interaction (Artavanis-Tsakonas et al., 1983; Fehon et al., 1990; Rebay and Fleming, 1991; Rebay et al., 1993) . To ®nd a new ELR-containing protein, PCR cloning was performed with the EGF consensus sequence (Wharton et al., 1985) . Using the PCR product as a probe, we isolated one clone containing cDNA from a Xenopus head cDNA library prepared from tailbud stage embryos (Brivanlou et al., 1991) . To obtain a full-length of the cDNA, we performed 5
H and 3 H RACE cloning. The reconstructed 3 kb cDNA included a complete open reading frame (ORF), polyadenylation signal and short polyA. This cDNA encoded 779 amino acids consisting of one hydrophobic domain presumed to be a potential signal sequence, 12 ELRs (Downing et al., 1996) , a laminin-G domain (Vuolteenaho et al., 1990; Sung et al., 1997) , a RGD and a von Willebrand factor (VWF) domain (Shelton-Inloes et al., 1986; Titani et al., 1986; Matsuhashi et al., 1995) (Fig. 1) . This cDNA was named Xenopus EGF-like repeat with laminin-G domain protein, Xerl. The molecular motif of ELRs is used in various kinds of proteins (Handford et al., 1991) . Among these proteins, Drosophila Crumbs contained ELRs with relatively high homology to those of Xerl. Crumbs has 29 ELRs and four laminin-G domains (Tepass, 1990) . As shown in Fig. 2B , there was high homology between Xerl EGF3-7 and Crumbs EGF11-15, but their similarity in the laminin-G domain was low.
Xerl is related to cell-cell or cell-matrix binding
Xerl contained RGD, known as an integrin-binding sequence, found originally as RGDS in ®bronectin (Ruoslahti, 1984) . The RGD sequence was located in the laminin-G domain, unlike in Crumbs. The C-terminal region of Xerl contained VWF domain, which is homologous to the C-terminal domain of the adhesion molecule, von Willebrand factor ( Fig. 2A, dark-gray box) . Thus, the prospective structure of Xerl possesses several characteristics of cell-cell or cell-matrix binding protein.
RT-PCR analysis
To examine the expression pro®le of Xerl, RT-PCR analysis was performed. Xerl expression was ®rst detected in late gastrula (Fig. 3, left) . The expression increased through the neurula stage, and remained at the tailbud stage. Among adult organs tested, the expression of Xerl was detected in the brain and weakly in the eye (Fig. 3 , right).
Localized expression of Xerl
The distribution of Xerl expression was examined by whole-mount in situ hybridization. In early neurula, Xerl expression was seen in the posterior neural groove (Fig. 4A, arrowhead) and at the edge of the anterior neural plate (Fig. 4B, arrow) . In the head region of the following neural stage embryo, Xerl was expressed intensely at the anterior end of the neural fold (Fig. 4C,D , arrow) and weakly in eye anlage and brain anlage (Fig. 4D , arrowheads). At a later stage, Xerl expression was seen in prospective retinal region, midbrain (Fig. 4F, arrowheads) and whole neural tube (Fig. 4E, arrowhead) . At tailbud stage, the expression was intense in eyes, forebrain and midbrain (Fig. 4H,J, arrowheads) . To identify the Xerlexpressing domain in the developing brain, we compared the expression of Xerl with that of known markers. Xpax6 has been shown to be expressed in forebrain, hindbrain and eye primodia, but not in midbrain (Hirsch and Harris, 1997) . Xerl expression was detected in the Xpax6 positive forebrain region, but was also seen in the midbrain (Fig. 4K ,L white arrow, M,M H ). Another region-speci®c marker, Xtll, was expressed at the rostal tip of the forebrain, dorsal thalamus and hypothalamus of midbrain (Hollemann et al., 1998) (Fig. 4N,N H ). The posterior stripe of Xerl expression overlapped with Xtll expression at the mid-hindbrain boundary (Fig. 4M±O H ). Histological examination by sectioning the whole-mount samples revealed that Xerl expression was localized to the ventricular layer of dorsal thalamus and hypothalamus at midbrain, outer layer of neural retina and lens vesicle (Fig. 4P) . A closer observation of the expression in lens vesicle revealed Xerl to be absent from the lens epithelium, but present in the lens equator zone (Fig. 4Q,  arrows) (McAvoy et al., 1991) . To con®rm the Xerl expression pattern in brain vesicle, we performed in situ hybridization on sections of the early tadpole head region. The expression in brain vesicle was also localized to near the apical surface of the ventricular layer (Fig. 4R, arrowheads) , and the expression in eye to the outer layer of the neural retina (Fig. 4R, arrow) . The structural characteristics and expression pattern of Xerl will give us the new viewpoint to analyze eye and brain development.
Methods
Cloning of Xerl
Partial cDNA encoding ELR-containing peptide was cloned by PCR with EGF consensus primers. Based on the EGF consensus sequence, upstream and downstream primers were designed from CXNGGXCXD and YXCXCXXGY, respectively. The initial PCR program was: 958C 5 min, 458C 5 min and 35 cycles of 728C 3 min, 948C 1 min 30 s, 478C 1 min 30 s. A full-ORF of Xerl was obtained by screening a head cDNA library prepared from tailbud stage embryos with the PCR product as a probe and RACE method (Frohman et al., 1988) . The nucleotide sequence data reported in this paper will appear in the DDBJ/EMBL/ GenBank nucleotide sequence database with the accession number AB027453.
RT-PCR analysis
Embryos were staged according to Nieuwkoop and Faber (1967) . As a template for RT-PCR, 1 mg of RNA was used Arrow indicates Xerl expression of outer layer of neural retina. mb, midbrain; rm, rhombomere; mhb, mid-hindbrain boundary; te, telencephalon; di, diencephalon; ey, eye; gu, gut; lv, lens vesicle; nr, neural retina; dt, dorsal thalamus; ht, hypothalamus; ls, lens.
